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7KHERXQGDU\ OD\HU IORZ DQG KHDW WUDQVIHU RI DQ LQFRPSUHVVLEOH -HIIUH\¶V YLVFRHODVWLF IOXLG IURP D QRQ
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0RVWQRQ1HZWRQLDQPRGHOV LQYROYHVRPHIRUPRIPRGLILFDWLRQ WR WKHPRPHQWXPFRQVHUYDWLRQHTXDWLRQV7KHVH
LQFOXGHYLVFRHODVWLFIOXLGVLQFOXGLQJ0D[ZHOOPRGHOV>@&DVVRQ>@DQG2OGUR\G%PRGHOV>@7KHVWHDG\IORZRI
QRQ1HZWRQLDQ IOXLGV LQ WKH SUHVHQFH RI KHDW WUDQVIHU LV DQ LPSRUWDQW UHVHDUFK DUHD GXH WR LWV ZLGH XVH LQ IRRG
SURFHVVLQJSRZHUHQJLQHHULQJSHWUROHXPSURGXFWLRQDQGLQPDQ\LQGXVWULHV6RPHRIWKHQRQ1HZWRQLDQIOXLGVDUH
PXOWLSKDVHPL[WXUHVSKDUPDFHXWLFDOIRUPXODWLRQVFRDOLQZDWHUSDLQWVV\QWKHWLFHWF7KHFRQVWLWXWLYHUHODWLRQVIRU
WKHVHNLQGVRI IOXLGVJLYH ULVH WRPRUHFRPSOH[DQGKLJKHURUGHU HTXDWLRQV WKDQ WKH1DYLHU6WRNHVHTXDWLRQV$V
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ZLWK DQXPEHU RI UKHRORJLFDOPRGHOV GHYHORSHG WKH -HIIUH\PRGHO KDVSURYHGTXLWH VXFFHVVIXO7KLV VLPSOH \HW
HOHJDQW UKHRORJLFDOPRGHOZDV LQWURGXFHG RULJLQDOO\ WR VLPXODWH HDUWK FUXVWDO IORZ SUREOHPV >@ 7KLVPRGHO >@
FRQVWLWXWHV D YLVFRHODVWLF IOXLG PRGHO ZKLFK H[KLELWV VKHDU WKLQQLQJ FKDUDFWHULVWLFV \LHOG VWUHVV DQG KLJK VKHDU
YLVFRVLW\7KH-HIIHU\¶VIOXLGPRGHOGHJHQHUDWHVWRD1HZWRQLDQIOXLGDWDYHU\KLJKZDOOVKHDUVWUHVVLHZKHQWKH
ZDOOVWUHVVLVPXFKJUHDWHUWKDQ\LHOGVWUHVV
0RVWRI WKH VWXGLHVDUH UHODWHG WR VWUHWFKLQJVKHHW WKHDUWLFOHVRQ WKHFRQYHFWLYH IORZRYHUDZHGJHDUHYHU\







SORWWHGDQGGLVFXVVHGIRU WKHYDULDWLRQVRIGLIIHUHQW LQYROYHGSDUDPHWHUV7KHSUHVHQWSUREOHPKDV WR WKHDXWKRUV¶
NQRZOHGJHQRWEHHQVWXGLHGWKXVIDULQWKHVFLHQWLILFOLWHUDWXUH
0DWKHPDWLFDO0RGHO
&RQVLGHU D VWHDG\ WZRGLPHQVLRQDO YLVFRXV LQFRPSUHVVLEOH PL[HG FRQYHFWLYH KHDW WUDQVIHU RI D -HIIUH\ IOXLG
ERXQGDU\ OD\HU IORZ RYHU D SHUPHDEOH QRQLVRWKHUPDO ZHGJH LQ WKH SUHVHQFH RI EXR\DQF\ IRUFH HIIHFWV ,W LV
DVVXPHGWKDWWKHH[WHUQDOYHORFLW\LQWKHIRUPRI P8 & [
∞
= ZKHUH&DQGPDUHFRQVWDQWV     P β β= − LV
WKH+DUWUHHSUHVVXUHJUDGLHQWSDUDPHWHUZKLFKFRUUHVSRQGVWR  β π= Ω IRUDWRWDODQJOHΩ RIWKHZHGJH7KH




 %RWK WKH QRQLVRWKHUPDOZHGJH DQG WKH -HIIUH\¶V IOXLG DUHPDLQWDLQHG LQLWLDOO\ DW WKH VDPH WHPSHUDWXUH
,QVWDQWDQHRXVO\ WKH\ DUH UDLVHG WR D WHPSHUDWXUH Z7 7∞> WKH DPELHQW WHPSHUDWXUH RI WKH IOXLG ZKLFK UHPDLQV
XQFKDQJHG :H QRWH WKDW WKH -HIIUH\¶V PRGHO VRPHWLPHV LQFRUUHFWO\ UHIHUUHG WR LQ WKH OLWHUDWXUH DV WKH -HIIHU\
PRGHOZDV LQWURGXFHGRULJLQDOO\DVDJHRSK\VLFDOUKHRORJLFDOPRGHO>@7KHIRUPXODWLRQDGRSWHG LQ WKHSUHVHQW
VLPXODWLRQ IROORZV WKH QRQOLQHDU YLVFRHODVWLF &RQYLFWHG YHUVLRQ RI WKH RULJLQDO -HIIUH\¶V PRGHO 7KLV DSSURDFK
QHJOHFWV WKHVWUHVV WLPHGHULYDWLYHYDOLGIRUVWHDG\IORZ2WKHUYHUVLRQVRI WKH-HIIUH\¶VPRGHO LQFOXGLQJ WKHFR
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URWDWLRQDO YHUVLRQ >@ DUHEHLQJ H[SORUHGE\ WKH DXWKRUV DV WKHVH DOVRRIIHU VSHFLDO IHDWXUHV IRU FHUWDLQ LQGXVWULDO
IOXLGV HJ EDVHVWDWH VWUHVVHV GR QRW JURZ LQGHILQLWHO\ZLWK WKH:HLVVHQEHUJ QXPEHU LQ WKH FRURWDWLRQDOPRGHO
+RZHYHU LQ WKH SUHVHQW VWXG\ ZH FRQILQH DWWHQWLRQ WR WKH FRQYHFWHG -HIIUH\¶V PRGHOZKLFK LQIDFW H[WHQGV WKH
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 DQG WKHUHIRUH WKH FRQWLQXLW\ HTXDWLRQ LV
DXWRPDWLFDOO\VDWLVILHG:KHUHX DQGY DUHWKHYHORFLW\FRPSRQHQWVLQWKH [ DQG \ GLUHFWLRQVUHVSHFWLYHO\ β 
WKHFRHIILFLHQWRIWKHUPDOH[SDQVLRQα WKHWKHUPDOGLIIXVLYLW\ N ±WKHWKHUPDOFRQGXFWLYLW\ ρ LVWKHGHQVLW\
RI WKH IOXLG SF ± WKH VSHFLILF KHDW DW FRQVWDQW SUHVVXUHλ ± WKH UDWLR RI UHOD[DWLRQ WR UHWDUGDWLRQ WLPHV λ ± WKH
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SK\VLFDO IOXLG G\QDPLFV SUREOHPV 7KLV PHWKRG UHPDLQV DPRQJ WKH PRVW SRZHUIXO YHUVDWLOH DQG DFFXUDWH
FRPSXWDWLRQDOILQLWHGLIIHUHQFHVFKHPHVHPSOR\HGLQPRGHUQYLVFRXVIOXLGG\QDPLFVVLPXODWLRQV7KLVPHWKRGKDV
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IOXLGG\QDPLFYDULDEOHV DQGWKHUPRSK\VLFDODQGERG\IRUFHFRQWUROSDUDPHWHUVQDPHO\   ' H Pλ ξ 
)LJXUHV D  E LOOXVWUDWHV WKH HIIHFW RI WKH SDUDPHWHU λ 5DWLR RI UHOD[DWLRQ WR UHWDUGDWLRQ WLPHV RQ
YHORFLW\ ( )I ′ DQG WHPSHUDWXUH  θ GLVWULEXWLRQV WKURXJK WKH ERXQGDU\ OD\HU UHJLPH 9HORFLW\ LV VLJQLILFDQWO\
HQKDQFHG ZLWK LQFUHDVLQJ λ  &RQYHUVHO\ WHPSHUDWXUH LV PDUNHGO\ UHGXFHG ZLWK LQFUHDVLQJ λ  %XR\DQF\ IRUFHV
WKHUHIRUHDLGLQWKHGLIIXVLRQRIKHDWLQWKHUHJLPHZKHUHDVWKH\LQGXFHDGHFHOHUDWLRQLQWKHIORZUHJLPH)LJXUHV




WKH YHORFLW\ SURILOHV DUH REVHUYHG LQWR WKH IUHH VWUHDP GHPRQVWUDWLQJ H[FHOOHQW FRQYHUJHQFH RI WKH QXPHULFDO
VROXWLRQ )LJ E LQGLFDWHV WKDW DQ LQFUHDVH LQ 'H VLJQLILFDQWO\ ORZHUV WKH WHPSHUDWXUH LQ WKH IORZ ILHOG
7HPSHUDWXUHSURILOHVFRQVLVWHQWO\GHFD\PRQRWRQLFDOO\IURPDPD[LPXPDWWKHZHGJHVXUIDFHWRWKHIUHHVWUHDP,Q
HTQZLWKIRUP WKHZHGJHIORZEHFRPHV%ODVLXVIORZIURPDIODWSODWH:LWK P = ZHUHWULHYHWKHFDVHRI
( )I θ
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IORZLQ WKHYLFLQLW\RIVWDJQDWLRQSRLQW IORZRQDQ LQILQLWHSODWH:KLOH WKHVH WZRIORZFDVHVDUHRIPDWKHPDWLFDO
LQWHUHVWLQSUDFWLFDOSRO\PHUSURFHVVLQJWKH\DUHQRW7KHJHQHUDOL]HGZHGJHFDVHLVPRUHUHOHYDQWIRUZKLFK P ≠ 
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VFKHPH KDV EHHQ LPSOHPHQWHG WR VROYH WKH WUDQVIRUPHG GLPHQVLRQOHVV YHORFLW\ DQG WKHUPDO ERXQGDU\ OD\HU
HTXDWLRQVVXEMHFWWRSK\VLFDOO\UHDOLVWLFERXQGDU\FRQGLWLRQV7KHFRPSXWDWLRQVKDYHVKRZQWKDW








7KHFRUUHVSRQGLQJDXWKRU'U$6XEED5DR LV WKDQNIXO WR WKH8*&6(52+\GHUDEDGIRUVXSSRUWLQJILQDQFLDOO\
XQGHUD0LQRU5HVHDUFK3URMHFW*UDQW1R053DQGPDQDJHPHQWRI0,760DGDQDSDOOH
5HIHUHQFHV
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